The present study was conducted to assess green herbage yields of hybrid maize cultivars grown under different environments for two years. GGE biplot analysis method and regression coefficients were used to assess genotype x environment interaction and to identify the most stable cultivars for green herbage yield. Experiments were conducted in six different environments, green herbage yields in the environments varied between 6.0 t da -1 (E5) and 10.4 t da -1 (E1) and green herbage yield yields of the cultivars varied between 6.8 t da -1 (G14) and 10.9 t da -1 (G18). In GGE biplot analysis, the first two principle component (PC) axis explained about 82.45% of total variation. The genotypes with high PC1 and low PC2 values and regression coefficient of 1.0 were assessed as stable. The cultivar Safak (G18) with such values was identified as the most stable cultivar. The regression coefficient of 1.0 and the greatest green herbage yield proved the stability of that cultivar. The cultivars with higher PC1 and lower PC2 values [30B74 (G2), Seme Kukuruza 877 (G22), ADV 2898 (G24), Wayne (G17), and Safak (G18)] generally had higher green herbage yield than the general average. Safak (G18), 30B74 (G2), Seme Kukuruza 877 (G22), ADV 2898 (G24) and Wayne (G17) cultivars can be use green herbage yield production in south eastern Anatolia will allow the growers to have a profitable production.
INTRODUCTION
Silage is widely used in livestock feeding in developed countries since it has several superior attributes over the regular feed sources such as quite high moisture content and nutritive value, easy preservation for long durations, easy digestion because of fermentation of (Kaplan et al., 2016) . High yields of maize cultivars, easy harvest and ensilage of them, their taste and heartily consumption by livestock (Neylon and Kung, 2003; Kaplan, 2005) , availability for ensilage, high adaptation capability have made maize a significant silage crop worldwide (McDonald et al., 1991; Meeske et al., 1993) . Maize is also significant silage crop in Turkey.
Researches have been conducted with multienvironments to identify high-yield and stable genotypes (Akcura et al., 2005) . In such researches, generally a certain number of genotypes are assessed with regard to various targeted attributes under different environmental conditions for years. However, since the genotypes exhibit different responses to different environments with regard to investigated attributes, it is quite hard to comment on genotype x environment interactions with classical research methods (Rakshit et al., 2012) . Therefore, different analysis and assessment methods have been developed for multi-environment studies. Some of these methods are regression coefficient and sum of squares from regression (Eberhart and Russel, 1966) , stability variance (Shukla, 1972) , coefficient of variability (Francis and Kanneberg, 1978) , additive main effects and multiplicative interaction (AMMI) and GGE biplot (Yan et al., 2000) methods.
In majority of above-mentioned methods, while only the stability of genotypes was taken into consideration, assessments are not made on environments. Therefore, some researchers preferred to assess genotype stability with more than one method rather than a single method (Flores et al., 1998; Akcura et al., 2006) . Some researchers have found regression method insufficient in stability analysis while assessing GxE interactions Nachit et al., 1992; Annicchiarico, 1997; Kandus et al., 2010; Yan, 2014) .
In recent years, GGE biplot analysis has been used in multi-environment yield experiments. The method allows the researcher an efficient assessment of both the genotypes and environments (Yan, 2014) . In GGE biplot method, genotype x environment interaction is separated into PC1 and PC2 axis with principle component analysis. With the graphs created based on these two axes, it is quite easy to comment on genotype x environment interaction and both the genotypes and the environments can reliably be assessed (Yan and Hunt, 1998; Yan et al., 2000; Akcura et al., 2011 ).
The present study was conducted with 25 hybrid maize cultivars in 6 different environments to assess the genotype x environment interaction with regard to silage yield and to identify the cultivars with high silage yield and stability.
MATERIALS AND METHODS
Silage maize genotypes used in this study and their supplier institutions are listed in Table 1 . Climate parameters and soil characteristics of experimental sites, number of irrigations and sowing dates are provided in Table 2 . In all three provinces, precipitations during the growing season were higher in the first year. Experimental sites have loamy soil texture with slightly alkaline structure in Diyarbakir and Elazig provinces (respectively with a pH of 7.73 and 7.78) and slightly acidic structure in Bingol province (with a pH of 6.37). The lime content was medium in Diyarbakir and Elazig and low in Bingol province (Table 2) . 
Data collection and analysis
All hybrid maize cultivars were manually harvested at milk-dough stage (about 30% dry matter). Middle two rows were harvested and the side rows were omitted as to consider the side effect. Plant samples were weighed and green herbage yields were determined in ton da -1 . Resultant data were subjected to variance analysis with SAS software (SAS, 2014) . GGE biplot analysis was performed with GGE biplot GUI of R statistical software. The genotype and environment-focused biplot graphs created by using PC1 and PC2 values were used to assess genotypes and environments (R Development Core Team, 2008) .
RESULTS AND DISCUSSION
Pooled analysis of variance indicated that genotype, environment and genotype x environment interaction had significant effects (P<0.01) on green herbage yield yields of maize cultivars. This result showed that green herbage yield were significantly influenced by environment (E) which accounted for 37.93% of the total variation in yield, while genotype (G) and genotype x environment interaction (GEI) explained 14.94 and 19.53% of the variation in yields, respectively (Table 3) . The effect of GEI was all most three times higher than that the effect of G. The magnitude of GEI as compared to G suggested the possible existence of different mega environments. The partitioning of GGE through GGE biplot analysis showed that PC1 and PC2 accounted for 66.18 and 16.27% of GGE sum of squares, respectively, explaining 82.45% of total variation (Figure 1 ). Experiments were conducted in six different environments and average green herbage yields in the different environments varied between 6.0 t da -1 (E5) and 10.4 t da -1 (E1). Mean green herbage yield yields of maize cultivars varied between 6.8 t da -1 (G14) and 10.9 t da -1 (G18). Regression coefficients (b values) commonly used to assess the stability of genotypes are provided in Table  4 . The regression coefficients of the cultivars varied between 0.42 (G17) and 1.62 (G14). For stable genotypes, b value should be 1.0 or be greater than the general average. Based on current b values, the cultivar G18 (Safak) with the greatest green herbage yield (10.6 t da -1 ) and a regression coefficient of 1.0 was identified as the most stable genotype (Table 4 ). Figures 1, 2, 3 and 4. With these graphs, the genotypes exhibiting specific adaptation to each environment, the genotype with the best adaptation to all environments and ideal experimental environment were identified.
Eastern Anatolia has the most intensive pasturedependent livestock production. However, regional people experience several problems in feed supply during the winter months. To overcome this problem, silage maize culture is getting more common in the region. However, there are several registered maize cultivars in Turkey. Therefore, the cultivars with high green herbage yield in different environments of eastern Anatolia conditions should be identified.
Figure 2.
The discriminability and representativeness view of the GGE-biplot to show the discriminating ability and representativeness of the test environments for green herbage yield GGE biplot method has usually used analysis of multienvironment experiments (Yan and Tinker, 2006) . The method allows visual assessment of both the genotypes and environments (Yan et al., 2007) . However, it hasn't been used widely in assessment of maize herbage yield in multi-environments. In present study, green herbage yields of 25 silage maize cultivars in 6 different environments (for 2 years at 3 locations) were analyzed. While the environments were able to explain 37.93% of total variation, cultivars and cultivar x environment interaction alone respectively explained 14.94 and 19.53% of total variation. Kaya et al. (2006) carried out a multienvironment research in wheat and reported the effect of environment as 81%. Dehghani et al. (2006) also reported the similar ratios.
In GGE biplot analysis, genotype x environment interaction is separated into several principle components (PC) and graphically assessed . If the first two principle components of GGE biplot are able to explain more than 60% of total variation (G+GE), then the method is assumed to explain total variation and the resultant graphs can reliably be used in assessments (Yan et al., 2001 ).
In present study, the first two principle components were able to explain about 82% of total variation. Then, 4 biplot graphs were created with different perspectives for assessments to be made.
The first graph was prepared to find out which genotype is well-perform in which environment ( Figure  1 ). The graph was divided into 5 sectors, diagonal genotypes were identified in each sector and assessments were made based on positions of genotypes and environments over the graph. Six environments were placed in 3 different sectors and formed 3 mega environments. The environments E1, E3 and E5 formed the first mega environment, the environments E4 and E6 formed the second and the environment E2 alone formed the third mega environment. The genotypes Batem Efe (G19) and Burak (G21) were the diagonal cultivars in the first mega environment (E1, E3 and E5), the genotype Safak (G18) was the diagonal cultivar in the second mega environment (E4 and E6) and the genotypes Dian (G14) and DKC 6903 (G9) were the diagonals in the third mega environment (E2). These genotypes had the greatest green herbage yields in their environments.
Genotype stability was also assessed over the same graph. The genotypes with high PC1 and low PC2 values were assumed to be stable (Yan and Kang, 2003) . The genotype Safak (G18) with these values was identified as the most stable cultivar. The regression coefficient of 1.0 and the greatest green herbage yield confirmed the stability of the cultivar. Generally the genotypes with high PC1 values [30B74 (G2), Seme Kukuruza 877 (G22), ADV 2898 (G24), Wayne (G17)] had higher green herbage yields than the general average. According to GGE biplot method, these cultivars can also be assessed as stable. However, regression coefficients of these cultivars were significantly different from 1.0. Therefore, these genotypes were not accepted as stable based on regression coefficients.
Discriminating power and representativeness view of the GGE-biplot is an important measure of testing environment (Dehghani et al., 2006) . The length of concentric circles on the biplot helps to visualize the length of the environment vectors which is proportional to standard deviation within the respective environments on the biplot and also shows the discriminating ability of the environments (Yan, 2014) . Thus, among 6 testing environments (Figure 2) , E3, E4, E5 and E6 with long vector were the most discriminating, while E2 was the least discriminating environment. The test environments which are consistently non-discriminating provide little information on the genotype differences (Yan and Tinker, 2006) and/or the performances of all genotypes in testing environment were uniform.
The average environment axis (AEA) is presented in Figure 2 . The average environment axis was intersected with a line passing through the origin of the biplot. Yan and Tinker (2006) indicated that the closer the environment to average environment axis (the smaller the angle is), the more efficient the environment is in assessment of genotypes. Then, environment E4 was identified as the ideal environment and environment E2 was identified as undesired environment. The ideal environment E4 allows the best assessment for the performance of genotypes (Yan et al., 2001; Jalata, 2011) .
In genotype-focused graph of GGE biplot method, the maize cultivar/cultivars with a superior performance with regard to green herbage yield in majority/all of the environments were identified as ideal genotypes ( Figure  3) . In this graph, the circles created through the origin of the ideal genotype were used to assess the cultivars (Yan, 2014; Kaya et al., 2006) . Then, the cultivars Safak (G18) and 30B74 (G2) were identified as the ideal genotypes; the cultivars of Burak (G21), Seme Kukuruza 877 (G22) and ADV 2898 (G24) were identified as desirable genotypes and the cultivar Dian (G14) was identified as undesirable genotype (Figure 3 ).
In environment-focused GGE biplot graph, average environment coordination (AEC) axis is able to separate genotypes based on their green herbage yields and stabilities (Figure 4) . While all of the genotypes placed on the right side of AEC axis had higher green herbage yields than the average (8.10 ton da -1 ), majority of the ones placed on the left side of AEC [except for Seme Kukuruza 873 (G23), DKC 7211 (G11)] had lower green herbage yields than the general average (Figure 4) . Similar findings were reported in researches carried out with wheat and barley Jalata, 2011) . For better adaptation by the growers, newly developed cultivars should be assessed for target attributes in different environments. The present study was conducted to assess green herbage yields of different maize cultivars in different environments and to identify the most stable cultivars. In GGE biplot analysis, genotype stability increased with increasing PC1 and decreasing PC2 values which were calculated from the green herbage yields of the cultivars. Among the investigated cultivars, Safak (G18) exhibited the best adaptation to all environments with regard to green herbage yield and the cultivar had the greatest green herbage yield and b value of 1.0. Besides this cultivar, some others [30B74 (G2), Seme Kukuruza 877 (G22), ADV 2898 (G24), Wayne (G17)] with generally high PC1 values had higher green herbage yields than the general average and exhibited well adaptation to some environments. Based on GGE biplot method, these cultivars were also assessed as stable. However, they should be grown in environments in which they exhibited well-adaptation. It was concluded in present study that GGE biplot model could efficiently be used in assessment of green herbage yield yields of maize cultivars in different environments.
